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(54) COLD ROLLED STEEL SHEET FOR DIRECT ONE TIME PORCELAIN ENAMEUNG 

EXCELLENT IN DEEP DRAWABILTTY AND FTS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a cold rolled steel sheet for direct one time porcelain 
enameling excellent in workability, particularly, in deep drawability and porcelain enameling 
characteristics, i.e., adhesion, fishscaie resistance and black point resistance. 
SOLUTION: This steel sheet has a componental compsn. contg., by weighti <0.003% C, 0 to 
0.05% Si, 0.20 to 0.40% Mn. 0.005 to 0.025% P, 0.005 to 0.030% S, 0 to 0.01% Sol. Al, 0.02 to 0.05% 
Cu, <0.050% N and Cr by 0.5 to 1.3 to the content of 0 and contg., at need. 0.0010 to 0.0050% B, 
and the balance substantial Fe and is produced under the conditions of 860 to 900° C finishing 
temp, in hot rolling, >70% draft in cold rolling and >5° C/sec heating rate at the time of 
annealing. 
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(54) WEmo^mi mtr}iai<Dmrtft^mim»itfm^^3mf^miHiR^^zf^<D9m^m 


(57) [S*^] 

[B^^S] C:0.003wt.% WTs Si:0~0.05wt.%, M 
n: 0.20~0.40wt.%> P:0.005 ~0.025wt.% , S:0.005 
~0.030wt.% s Sol.Ai:0~0.01wt.%. Cu:0.02 ~0.05w 
t.%, N:0.050wt.% &rf. Cr:0fflcD0.5 -1.3 , il^ic 
jSi;B:0.0010~0.0050wt.%> m*)'- IISWfcFe*^5.^« 


0.0030 wt.%JKTs 


a^(Si) : 0~0.05wt.% iM^tsaom^^^ts) > 
-ryiSyQbi) : 0.20 ~0.40 wt.% , 
M(P) : 0. 005-0. 025wt.% . 

Suites) : 0. 005-0. 030wt.% . 
Rl?g147';y5:^'i7A(Sol.Al) : 0 -0.010 wt.%( 


0.0450 -0.1000 wt.% V 
0.020-0.050 wt.%s 
0.0050 wt.mTx 

(0) a<D0.5 -1.3 s 


^DA(Cr) 

jit) : mmmcm(.fe)s 

cit*S2] mmco ■■ 0.0030 n.mT. 
a^(si) : o~o.o5wt.x (.fmua<D^^^ts) . 

TyiSyiM) : 0.20 —0.40 wt.% . 
j^(P) : 0. 005-0. 025wt.% s 

m.nCS') : 0.005-0.030wt.% . 
Rr?SttT;l/5:^'j7ix(Sol.Al) : 0 -0.010 wt.%( imM 


0.0450 -0.1000 wt.% > 
0.020-0.050 wt.%. 
0.0050 wt.%JKT. 
i^(0) moo.b -1.3 . 
0.0010 —0.0050 wt.% s 


^DA(Cr) 
.t^P>{B) 

WU ^ LT> l^r5ESicDtt±Sjg : 8 6 0-9 0 0 
S : 5°C/sec tU:OffiifeJ;t;^8i^{2t^T*lSBi^nfc 

[if 4 ] m^m 1 ziE^toft^^^ifM* 

mt^T.'yy^WmL. 8 6 0-9 0 0 

L. i^l^T\ MIEiljiliiflz^. 7 0 %JW±©ffiT^T?^ 

5 °c/sec j-xhtoijniiiiMT'MM-r 5 ii t^n^tt 
mm ttostifctt^ 1 ni^ttts ^ 5 ^ 

coo 0 1] 


(2) #ga¥i 0- r 0 2 2 2 2 

2 

[0 0 0 2] 

^^cj£<flJffl^nT^^s*^ cn^mrn. ^m. mm 

mm 1 mmiffmmx^^^isi ^nmmKm < . 

[0 0 0 3] {$3 53E^llH]^ttO*^tc». 

[0 0 0 4] ^/c, (Sp5 3MiflSi:LTf7fcn§> ^ 

[0 0 0 5] Mt. NiSlESHfcSiS^(D^M-:£^Ufc 

30 [0 0 0 6] $fc, S3 5-5;^-;i;-fc*5t/>-r«. 
[000 7] 

[^B^A^ftfenu * 9 tt^wam} mm i wt^^Risi* 

[0 0 0 8] $fc. m^^^^^^k^t^tzifXDMmt L 
r. fiWJxtf. #P»g^63-277742 #i^|gt(i. T i , N b 

50 mmt^!lti)''X'^tiH,\ ^fc. 1^^10863-277742 Wj^ 


3 

[0 0 0 9] ee^T. c<o?^(Dumit. ±'^Ltcmm 

[0 0 10] 

[0 0 1 1] Sfc. agllHl»tt#ft^fflfe^Ci;* 

[0 0 12] Mfc. ±fBii«®^'DA;g:#WtfiOi£SS 

[0 0 1 3] iKD^BMii. ±iE^mcm-:3i,^x^-^nrc 

mm(C) : 0/0030 wt.%J-;iT^ 

nmCSO : 0~0.05wt.% (IS^An<7)it^:&#ty) . 

V>';^r>'(Mn) : 0.20 ~0.40 wt.% . 

^(P) : 0. 005-0. 025wt.% . 

eiflt(S) : 0.005~0.030wt.% ^ 

^}§^7)V^-^MSol.M) : 0 -0.010 wt.%( imtJO 

mmiO) : 0.0450 -0.1000 wt.% . 
^(Cu) : 0.020-0.050 
g^(N) : 0.0050 n.%iyL~f. 
^aA(Cr) : mM(0) MOO.S -1.3 . 
iJ5.SfcjSUT^ #dXB): 0.0010 -0.0050 wt.% > *5 

[0 0 14] m^m\cwM.<Dmmts m^mi^rcn 

rSS : 8 6 0-9 0 0°C. ?^P^flBi<7)ffT^ : 7 0%JW 
±> i%iie^©*n?^S : 5 °C/sec aJ:<OE@33<tDm 


(3) !ltr»a¥l 0- 1 02 2 2 2 

4 

[0 0 15] $fc. tmm4icmmi.rc<i<D^m(Dmm 
1 myitis ffl?^ji^tgtD^5i73 ±mit^m 

^f^^^t^X^^^. 8 6 0-9 0 0°C<7)tt±ffiM 

TiiP^EiiL, nn^m^^-oxmmmm^vmu 

[0 0 16] 

(1) mmio ^iixsmmm mMtsaxsmma. *^ 

BJA^ilg i -r ^Mn i: Cr ©li^KftfSl t <t ^ ^ff S L t, ^» 

S*L<, «l<0|gB^fc*3V^T«, g^^#W«tt0.0030 w 
t.% i;^Tfc|5g^L. g^W«{i0.0050wt.%iXT 
20 L <{iO. 0030 wt.% t;(T) tPI^b/co 

(2) a^(si) iict^to^^a 
w««s o-o.o5wt.% mmaoym-^^-^ts) ©iEffli^ 

(3) nIjg147';l/ = -'>A (Sol.Al) : Z^b^^^-^Att. 

<o#*«*^o.oio n.%^mxx^<fi^t. soi.Kifjm 
4'<DmmtmzS'o\^^xmiiikm t^*). mwi(Dmx^ 

0 -0.010 wt.%( fmi]a<Om-^^^tS') £D©H 

(4) V>;<fy(Hn) : »ii^<3!)^ilig-&Lr 
MnO t:^K). lS.o ^ommmcmXLrz7m(Dh'yyf 

y;^;y©-gi5«. i^rii^tm^mim^if^x. mm 

*^L*:^}^e>. vy;^f>'#WftA' 0.20 wt.%*PT'«^ ± 

#*«*^o.4o wt.% ^m^?>t. mmijax^^'^ifiE 

iirS. ^^e■pr. •W:^f>'-^WStt. 0.20-0. 40wt.%«Dffi 

(5) ^DA(Cr) : ^^uAti, 

^WtTV>5o Mfc. ^DAtt. m^<D'TyiSy^^XS 

fmtf^'BtLxmmK)m<D\^±icn^-r^^ u^x. ^ 

50 DAtt. Siff'tOif^fifcfSCT^Ofi^iSM-rs^SSA^ 


5 

mmrmti^mtsaLs mmmxit^^^if^^^: u-^ 

(6) ^(0) : Wmiis 

h V -y -f^-c Ytb xm L. mfwmif^=^\^±t'^^ 

±tC«#-rSo LA^L^A^P.. 0.0450 w 

v\ g^-§-#»*V). 1000 wt.% ^mfL^t. mw. 

<OmX.^^mtt^^o !2^oT. K^-tWSa^ 0.0450 
~0.1000wt.%£D®Hf^t|5I^-r^fefe-5o ^*5^ j!inl 
ttcDffijiS*^ P)i5*<?)if S 0.0450~0.0700 
wt.%<Di!ffl|^T'3&5o 
[0 0 17] *^H^aifeO<fcdfc. ^^.ic^DA^^^lP 

j^afcj;t;^<o^w«*pSL. «m ii»iijiSfe.fcif 

3©|gStttc»S^-^^5o fi|l-5^ 0.005W 

t.% ^mx^t. mmmmmti^±^ <rjiK)'M^. m^^ 

So t¥oT, j^-^Wfiti 0. 005-0. 025wt.« (D^MP^lc 

(8) 9gM(s) : m^ii. mmmmm^m±t^-ii:mm^ 

**^?)^ 0.005 wt.% *?^|T'«. ±jZELfc 

030wt.% ^mX^ts imL^if95itf:bo u-^x. mM. 

o.oo5~o.o30wt.% (owmp^^m&t^^x^ 

(9) ^(cu):ffl{i. m^r>mm\mr>^r)mtmm. 

SftM^Wtri^So L*^L;S:*^P.. 0.020 

n(r>m(mm^'ht<-t^^m^mLx\^^^<DX\ ®# 

*«A^0.050 wt.%^@^Si:. < ^ t) 

i:*^T't*i/>o fif^r^ m^mmt o.o2o~o.o50wt.» 

14*#Sfci6(D(lf * Lt/>®^W«is 0.025~0.040wt. 


(4) #P^¥ 1 0- 1 02 22 2 

6 

(lO)^t:Dy(B) ::i-:Dytt, ig[t'0g^i:)g-&LT. li 
45p yt*«*^.0010wt.%*SlT'», ^<D5&if 

:/-&««*^o . 0050wt . s i: . SI^£<DAnxtt*^{l: 

«^0.0010~0.0050 wt.%<D®HF*9fcRgS"r'^tT'fe 

•So 

10 [0 0 18] ±^Lfc7t^c7)a*\ Siffi{c0.03wt.%J.XT 
®:::>V'>-;KNi)> 0.01wt.«JMT<D^(Sn):fe<fct;0.01wt.« 

taSCitt^l.^ ^t3. *fg0^{C$5tt-5^DAtD^^% 
Sl^lc^:6Li6Sfc46fc. Nb. Ta. W *5 j;t>TJoti:. 

[0 0 19] if.mno^i^o^'jmni^mmt. ±3^Lfc 

ffil<Dft±}aS : 860~900X:> ?$r^EBi©ET 

^ : 7 0 %«±> iE§ie^®][in^iig : 5 X/sec IX±(D 

[0 0 2 0] :kic. t^^mm^<Dmmyfmic-o\.^x^^ 

cn^«}ST'tf 3i:. UAltnrgPiicoP^fcffl 
;*:*/)-ftt)*^#ffib^-r<^'3. {S3 53Anxmfc. .5« 

-:>xx^:r^m&t^ctm^hi^\ 

30 [00 2 1] SMSfit^nfcXvy^J^ai^. M.L^ 
MSS* 1 2 0 0°aXTi:-rsc ^Ji 

[0.0 2 2] mmEMicmu i±±zw&m^8 e o~ 
9 0 0^<oii5fflrti:-rsci*w$Lv\ seo-axJ: 

40 gp-^ Ar3 ^^i;(±®}agT'ft±ff ®*fT 3 C i: fc J: 

tt*^[pi±-rso -73s tt±Eiias*^9 0 o°c*s^s 
[0 0 2 3] mmE.mic^^'Xi±±E.m-^ntcmmt. 

It. ijaX^^i:XfmEEM^(Omi^(DmMi}^^. 6 0 
0~7 0 0°C(DlBHrtil-rSCi*W$Ll/\ ^ 

50 :r*iiMft±EjibTt,. *^B^(DX&m3!)^fflftt»n5j: 


(5) 

7 

[0 0 2 4] ^V>T% ?&F^E@?nfc}^ffiSI^«:^ge-r- 

<DT&mx'mmr^cttim^Li,\ ^(ommmmxit lo 

ig-MttSUTs 2.0 

[00 2 5] 


#r»a¥ 10-102222 

8 

[0 0 2 6] m 1 IC^st. *5g0^©l5Hp^©{fc^ 

m^mmu mmmmm\c^-:3xx^-:r\c^Lrco ± 

mLfz^. 890 •C©ft±Sa'Piif^E®L. 620 "C^ig 
mx=t-fMcmi^^X. )?*2.8iiin (DiiESI^^rPl! 

[0 0 2 7] ^k^^x. mp>ntcm&m^^mffcLtc'^^ 

75%©ffiT^-p?$raE®b. 0.7inin©J?*©?&M»^«r 

cfcO, 850 °C©SS-e^'^jiEiEL;fe^. 1.0 %£DlSSE 
(JWT, No. 1-2 0fe<fe 

tfa2ic^-rtfc®ffl®a3 5-5ffl?^ji« cixr. im 

No. 1-1 i;£I^Lfco 

Co 0 2 8] 


(6) 
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[0 0 3 0] ±.w^^wmmM^xsYcmiwm^^ ^ 
0. J IS 5^M^M-«ff®:^iPiA^e.Sg5iu ^<75§i?iM 

^^a^. EBi:^^l^I, Ejg:^iRi^: 4 5S®:^ioi33j; t/E 

mmm\^t^^. jis 5^Miift-^5f«jL. ^<Dvy^ 

7*-Fii i^mrm') ^iJ^Lfc, *4b\ ¥l^rfil 

[0 0 3 1 ] ¥1^ r {i= (E@:)?(B)(D r M+ 2 xffii:^ 
fp) t 4 5 Jg<D r r €) / 4 


(7) #rffWl 0- 1 0 2 2 2 2 

12 

*^ti4*^?#ic < mmmmmmt>m< fioNi-d 
mmmc:'imi)m< K-om-iipmmf^ 

(1) m^u^ 

10 a. kSio^om^^^ 

mvm ■■ wm-^mmmm a m itsoi • yo-cxismin)-^ 

Ni-dip (NiSO. • 7H2O : 13g/l . pH : 3.5 , 70X;x 3 mi 
n) 

JiJSE : 830°CX 2inin > 

b. m^n^ 

±fSS3 5 ^^tt^T-aS 1 HIS d 5 d^ttJ^MLfc 

1 0t$[cDliM>T- (100 xi0Oiim)tjhfL. 
20 P E I ate i o TM^ L/co 

(2) BmfPso-tt^s^ 

a. <S3 53a-tt^f1= 

luJaa : iJifli^l^^^gfe ( 15% ttSO^ • 70°Cx 2inin)^ 
Nl-dip (NiSO^ • 7H2O : 13g/l . pH : 3.5 s 70°Cx 2 mi 
n) 

mm : 02ti:7XD-S 1553Cllfi^^ : 
100 fim 

: 830°CX2min (*njSI?HM> D P : 30°C) 

b. mi^^ 

1 Oi^ayU^)^ (100 xi00mm)fcol^T^©m?Ria*f8^ 

CO 0 3 2] (3)iSllji5ttaM : 
a. 

tij^aS : )!^)li^KEi?®)?fe ( 15% H2SO4 • 70''Cxi5inin)^ 
Ni-dip (NiSO* • 7H2O : 13g/I ^ pH : 3.5 . 70''Cxi0mi 
n) 

40 SSJtt : 0*7XP-g! 1553C«I^, g^:SSffifc# 
100 ;im 

: 830°CX2min (AoiSHH^. D P : 30°C) 

b. ^^n- 

±I3{$ d 5 3 a^t^ff T'iig 1 |n]{$ ^ 5 3 »tt^5gLfc 
1 Ot5[<DKil^ (100 xiOOmm)fcoV^T^©l|jt^^t«c 

CO 0 3 3] Mfc. *^BJiife*5j;t;ittgffllS«0^>5r 

50 (owmm.. Y s (Kf^^g) > T s (3mu 


(8) #r»l¥l 0- 1 0 2 2 2 2 

13 14 
S) . E 1 cm) , rm (^IQrfii) ^3<tt;A I * fFffiLfc($3 59#14ip-5?g914s llji5^^^*JJ:r;m 

[ 0 0 3 4 ] a 3 1 . *|gB^^iK4ocfcU*lte?Sitg©ilM [003 5] 

m3 



Mo 

«« ft t* « 

\7Til 

fci > mvrr, 

Uroi. , . 


Y S 
(N/n«B ) 

T S 

} 

h. 1 

r mtfl 

A 1 

WW ^ 


1 

175 

298 

51. 3 

1. 76 

A 1 

47 

.... 32 

n 
U 

A 
V 

2 

171 

293 

51. 2 

1. 79 

54 

98. 

... J 

A 

3 

no 

291 

50. 0 

1.71 

53 

100 

D 

0 

4 

162 

?83 

51.4 

1. 79 

56 

93 

0 

0 

5 

170 

291 

50. 2 

1.72 

44 

91 

0 

0 

5 

196 

289 

50. 6 

1. 70 

56 

99 

0 

0 

7 

167 

291 

51. 2 

1.77 

58 

92 

0 

0 

8 

168 

29S 

51. 4 

1. 80 

54 

100 

0 

0 

9 

160 

281 

51. 7 

1. 71 

SO 

99 

0 

0 

10 

166 

293 

50. 3 

1. 72 

55 

99 

0 

0 

11 

154 

276 

5L 1 

1. 71 

48 

97 

0 

D 

12 

159 

283 

50. 0 

\. 73 

50 

92 

0 

D 

13 

163 

290 

51. 3 

1. 74 

49 

97 


rt 
U 

14 

150 

284 

50. 8 

1. 70 

50 

92 

A 

u 

n 
U 

15 

ioU 

Co L 

J I. w 

1 '7^ 

55 

100 

A 

0 

rs 
U 

1 c 

160 

290 

50. 2 

1. 70 

55 

93 

0 

0 

V 

154 

281 

51. 2 

1.76 

30 

97 

0 

0 . 

18 

157 

279 

51. 3 

1.71 

19 

99 

0 

0 

19 

162 

294 

50.0 

1.72 

20 

97 

0 

0 


188 * 

297 

51.3 


20 

100 

0 

0 

It 

1 

181 

305 

48. 6 

1.52 

65 

99 

10 

0 

2 

161 

291 

48. 9 

1.59 

57 

92 

0 

0 

3 

173 

304 

48. 9 

1.68 

55 

92 

20 

0 

4 

171 

297 

49. 9 

1. 62 

.53 

91 

0 

0 

5 

173 

297 

46. 6 

1.S7 

61 

93 

0 

0 

6 

162 

283 

51. 1 

L72 

50 

97 

0 

30 

7 

1S8 

293 

51.0 

1. 68 

54 

64 

0 

0 

8 

160 

288 

51.6 

L59 

55 

90 

0 . 

0 

9 

161 

304 

48. 8 

1.62 

55 

91 

0 

0 


m 

316 

47. I 

1.51 

21 

91 

0 

0 

11 

161 

302 

49.8 

1.90 

V 

8? 

29 
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[0 0 3 6] ^2*3it;S3*^P>0JP>*>:&J;'5 
No. Hi. iinXIS. W^5ai4*5J;t>*BII;S14*'5^-pTt.v 
Its AqXft*^$^^Tl^fco P«*^*^H^<0ii5H^S^T 

®^r^i/>J±«JffliS«No. 5 lis AnxiSfeitM^ls 

[0 0 3 7] Oa*^*58B^C0iBH^^^nT'>^l/-Jt«liffl 
tt, Sg«14*^^^ftLfco C r tt*^2(i:^BJ®iBH^^nT 

^^fmmmmo. sit. mt*)^i}mi3^-otco bs*^* so 


^m<D^m^m^r0'i^it^mmo. i oa. toxi* 

ffl^«No. 1 ut. mmj^iif^'^Mf3^^rzo 
[0 0 3 8] cnizMh. t^?^smmo. i-zoit. 
{5rnt>inxi4*3j;ih*{53 53mc^nT:fe»j. ^(c. b 

A^^iD;?nfc*!fi|0^»iSNo. 1 7~2 0{i. *Pltt*^^ 

[003 9] mmm 2)^4 tcs^^^t^fiE^iSfig^w 

■rsSifc. ^Di»;grgf^fi(O0. 2~l. 6©i35Hrt-p 

Li^Co ±ieX'77^*, llSO-CcDiaglcto^Ufc^^ 890 

°c£Ott±?asT«ffijgL. 620 °c<D'smv=i^Mcm 

[0 0 4 0] 
[^4] 


(9) 


15 


«4 


10-102222 

16 

(wt. %) 


c 

S i 

Mn 

P 

S 

0. 0003^0.0022 

0--0.02 

0. 22-0. 34 

0. 006-0.011 

0.012—0.020 

C u 

Sol. A I 

N 

0 


0.026—0.035 

tr. 

0. 0008— D. 0019 
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